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ABSTRACT 
(Confidential ) 


The Naval Research Laboratory is serving as technical director of 
the Navy's Air-to-Air Missile Study. The results are presented in a 
series of volumes under NRL Memorandun Report 754, This volume is the 
tenth in the series. The study to date has been primarily concerned 
with the system employing the FuH-1 aircraft, the AN/APQ-72 radar, and 
the Sparrow ItI-6e missile. This volume represents a contfnuation of 
the study results presented in preceding volumes. 


PROBLEM STATUS 
This is an interim report; work on the problem is continuing. 


AUTHORIZATION 


NRL Problem 53R05-04 
BUAER No. EL-42001 
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INTRODUCTION 


The Bureau of Aercnautics has contracted with the Navel Research Laboratory | 
to conduct system studies directed toward establishing the tactical use 
capability of Navy Air-to-Air itissile Syatems. These studies are conducted 
uncer the technical direction of the Naval Research Labcratory with all 
inputs derived from Navy sources. To date, study effort has been 
primarily directed toward revealing the tactical use capability of the 
F4H-1 Weapon System. In support of this effort, NRL has contracted with 
Westinghouse, Air Arm Division, for analytical services. ‘This report is 
the tenth in a ser.es (see references (1) thru (7)) directed toward 
carrying out this responsibility. 


In Volume IX of this series, the results of a atudy directed toward 
revealing the probability of successful arrival to missile launch for a 
system using the Sparrow III-6a missile, F4H-1 aircraft and AN/APQ-72 
radar are detailed. This volume presents selected samples of plots of 
parameter variations during the fire control runs (interceptor trajectories) 
associated with some of the situations investigated during the probability 
of success study for pull-up attacks. 


SPACE GEOMETRY 

Figure 1 shows a typical interceptor trajectory taken from the 
results of the study of probability of successful arrival to missile launch 
for the F4H-1 Weapons System under pull-up attack conditions. As shown on 
this drawing, the target is nonmaneuvering. The conditions of the study 
phase for which parameter plots are presented were: 

a. Atreraft characteristics - Fly-1 (reference (2)). 

c. Interceptor altitude - varied. 


d. Reflective area - B-47 size target, assumed same as for the 
co-altitude case, 


e. Interceptor velocity - Vax O¢ Start of pull-up. 
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f. Target velocity - M 2.0. 
6. Vectoring inaccuracy - lo» + 3n. m in azimth. 
h. Straight line flight path (tarpet). 


AN/APQ-72} 85% probability against nose aspect of 
B-N7 size target - 19 n. mi. 


1. Interceptor restricted to 5g pull-up or Cy . 


distribution (t,) - head-on, 15, 


studied and the results are presented in reference (7). 


the parameters involved are as follows: 
R = Range between interceptor and target positions 
V, = Fighter velocity 


Vp « Target velocity 


and line of flight of the target) 
Ry = Fighter altitude 


Hh = Target altitude 


MERON a ry 


i. AI detection capability - that associated with the 


Jj» Missile aerodynamics - Sparrow III-6a (reference (7)). 

k. AL radar gimbal limits - + 57° azimuth and elevation. 

m. Target aspect angle associated yith ae las of the Vectoring 
nN, 45. 


These comitions apply to that porticn of the study associated with 
the pavameter plots presented in this volume. Other conditions were 


The relationships of the parameters plotted in this volume are 
illustrated by the sketches of Figures 2 dni 5.,. Definitions of: 


To = Target aspect angle (angle between line of sight to target 
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a= Fighter angle of attack. This is the angle between the 
frame reference ine (FRL) and the fighter flight path. 


X, Azimuth gimbal angle. This is the angle between the radar 
gimbal mechanical axis (RGMA) and the line of sight (108) 
measured in the plane of the azimuth gimbals. 


ae « Elevation yimbal angle. This is the angle between the 
radar gimbal mechanical axis (RGMA) and the line of 
sight (LOS) measured in the plane of the elevation gimbals. 


way = Line of sight rate measured in the plane of the azimuth 
gimbals. 


®, = Line of sight rate measured in the plane of the elevation of 
gimbals. 


¢ = Fighter roll angle. 
L/W © load factor. 


e = Fighter heading error. Difference between actual fighter 
heading and correct lead pursuit heading. 


»eferring auin to Figure 1, it is seen that a sample a.r battle is 
plotted. At the start of the engagement, the interceptor is flying at 
40,000 ft. altitude at M 2.0, and the target is flying at 65,000 ft. 
altitude at M2.0. AI radar detection occurs st zero time. Radar 
lock-on and start of 3g pull-up occurs 10 seconds later. At 25.4 seconds, 
the interceptor has corrected its flight path to that required for the 
correct lead pursuit course. At 25.5 seconds the interceptor hss closed 
range to the maximum aerodynamic range of the missile (R__). Missile 
target impact for firing at R occurs at 37.3 seconds. 


PARAMETER VARIATIONS 
A complete index of the pull-up runs, for which parameter plots are 


presented in this volume, are given on Table i. It 1a important that 
the reader examine this index carefully in order that the meaning of 
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each of the associated figures will be cleal. Referring to the table, 
it is seen that it is an index of runs along with the initial conditions 
for each run. The runs have been separated into families accorting tc 
the initial target aspect angle (tT). This initial target aspect angle 
represents the path along which thé interceptor would have flown if it 
were possible to vector it on a perfect pure collision course and is 
measured with respect to the nose of the target aircraft. The parameter 
plots presented ip thig volume can be separated into four basic families 
t.* 0, 15°, 30°, 45°). Further examination of Table I reveals that 
pa ter plots are presented for only one target altitude (65,000 ft.) 
and one target velocity (M 2.0). Data is available for other target 
velocity and altitude conditions, but is not presented in this volume. 
In addition, only one interceptor velocity condition is examined 
a at the start of pull-up). 


As was stated previously, the results of the pul i-up attack 
investigation are detailed in Volume IX (reference (7)) of this series. 
The parameter plots presented in this volume are from a selected sample 
of the total number of pull-up trajectories available. Figures 4 thru 
7 are copies from Volume IX of the probability of successful arrival to 
missile launch results from which the parameter plots presented in this 
volume were obtained. On these figures the probability of successful 
arrival to missile launch versus initial fighter altitude (pull-up 
altitude) 1s plotted. For example, refer to Figure 4, tf the fighter 
starts a bead-on pull-up attack from 50,000 ff. altitude against tins 
M 2.0, 65,000 ft. altitude target, the probability of successful 
arrival to missile launch is 63%. 


The parameter plots presented in this volume are associated with 
the probability results shown on Figures 4 thru 7. Referring to 
Table I, it is seen that the parameter picts are divided into four 
major categories (tT = 0°, 15°, 30°, 45°). Each of these major categories 
correspond to one of these figures. For example, referring to family 1-1A, 
on Table I, it is seen that the fighter altitude is 58,000 f%. when the 
head-on pull-up attack is started against this M 2.0, 65,000 ft. altitude 
target. This interceptor run was one of several used to obtain the 
probability point shown at 58,000 ft. on Figure 4. 


Referring to Table I again, it is seen that the parameter plots 
are grouped still further according to the box in the probability grid 


4 CONFIDENTIAL 


CONFIDENTIAL 


from which the pull-up attack originated. Figure 8 illustrates the 
probability grid used in the probability studies. The azimuth 
dimension of this grid is associated with the vectoring inaccuracy 
(lo=43n. mi.). The range dimension of this grid is associated 
with the AI radar detection range distribution. The weightings of 
each of the columns and rows are shown. By examining interceptor 
runs from a sufficient number of boxes in this grid, the probability 
of successful arrival to missile launch can be generated. The 
parameter plots presented in this volume were taken at random from the 
many interceptor trajectories examined. For example, Figures 9 thru 
20 give the parameter plots associated with an interceptor pull-up 
attack originating from Box B-3 at 58,000 ft against a M 2.0 target 
flying at 65,000 ft. 


The remaining parameter plots are grouped according to fighter 
altitude and the box in the probability grid from which the intercept 
started. For example, Family 2 of Table I has three sets of parameter 
plots for 58,000 ft. altitude intercepts (2A, 2B, 2C). These intercept 
runs originated from Boxes A-3, F-3 and H-6 in the probability grid. 
Next, there are five sets of parameter plots for the 50,000 ft. 
intercept (2D, 25, 2F, 2G and 2H). ‘These intercept runs originated 
from Boxes A-3, A-5, D-3, F-4, and F-5 in the probability grid. 


The parameter plots are numbered consecutively throughout the 
report. For example, the parameter plots of Family JA are given on 
Figures 9 thru 20. Two figures are given on each sheet. The first 
plot of each family gives range (R) between interceptor and target 
as a function of time from AI radar lock-on (pull-up at zero time). 
On this first curve of each family the following points are laheled: 


® = Rix 


f = Start of lead pursuit 
X = Topact for launch at Rix or start of lead pursuit 


® Rain 


coon 2CO,L & C 
L L 
These labeled points can then be transferred ieadily to the other 
plots in the associated family. 
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Figures 9 thru 20 give the parameter plots for head-on pull-up 
attacks, from 58,000 ft. altitude against a M 2.0, 65,000 ft. altitude 
target. Figure 9 gives the range (R) between interceptor and target 
as a function of time. At zero time, pull-up occurs and the range is 
116,;00 ft. The interceptor immediately starts a Clasaxe course which 
continues until a lead pursuit course is reached (R » 48,700 ft.). The 
maximum aerodynamic range of the missile (Rmax) is reached at 17.5 seconds 
(R = 58,000 ft.). Impact point is arbitrarily plotted for two conditions. 
If the allowable launch (ec) is 10° or less at Ryay and all other 
conditions for a successful attack are satisfied the impact point is 
computed for an Rygy, launch. If these conditions are not met, the next 
point to be examined is the point where a lead pursuit course starts. 

The impact point for a launch from this point is then calculated. of 
course a missile could be launched anywhere on the course where all 
necessary launching criteria are met (Rain 2 RS Rmax, 4S +57° and 

€S 10°). On Figure 9 the impact point is calculated for an Rmax launch 


(€<¢ 10° as shown on Figure 19) and occurs at 20,200 ft. Rmin occurs at 
34.5 seconds. 


Figures 10 and 11 give the azimuth (dq) and elevation (A,) gimbal 
angles. These are the angles between the radar gimbal mechanical axes 
(RGMA) and the line of sight (LOS) measured in the plane of the azimth 
and elevation gimbals. Referring to Figure 10, it is seen that dq varies 
from 7.5° to -29.5° during the run. Correspondingly, Figure 11 shows that 
Ae varies from 10° to -41" during the run. 


The graphs of Figures 12 and 13 give the azimuth (ay) and elevation 
(w3) line of sight rates. These angular rates are measured in the plane 
of the gimbals. Figure 14 gives load factor L/W versus range. Referring 
to this figure, it is seen that at 48,700 ft. range the load factor drops 
sharply from 2.25 to 1.34. Referring to Figure 9, it is seen that at this 
range the interceptor course changes from a Cy, course to a lead pursuit 
course. This then explains the reason for the sudden changes in L/W. 


Figure 15 gives interceptor angle of attack (a) versus (R). Referring 
to this figure, it is seen that a builds up from 13.5° to 16° until the 
range where the interceptor course changes from Clay to lead pursuit 

at which time a drops sharply to 9.5°. "q@. then builds up again until the 


interceptor goes back onto a Clog, Course (30,000 ft. range) at which 
time it drops off sharply. 
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Interceptor velocity (Vp) as a function of range is shown on 
Figure 16. It is seen that during the pull-up attack Vy decreases 
from 1,698 f%./second to 990 ft./second during the portion of the 
run that is of interest. Figure 17 gives fighter altitude as a 
function cf range. During this particular pull-up run the interceptor 
reaches an altitude of apprexirately 63,000 ft. Target aspect 
angle {Tt ) as a function of range is shown on Figure 18. 


The heading error of the interceptor (¢) 4s given on Figure 19, 
€ varies from 36.5° to zero during the run. Referring to Figure 9 and 
accepting the criteria that €< 10° for successful missile launch 
between Rmax and Rmin, it is seen that a missile could be launched 
between the ranges of 58,000 ft. and 17,500 ft. Figure 20 gives the 
roll angle () of the interceptor as a function of range. The roll 
angle varies from 61° to & during the run with a sudden change 


occurring at the ranges were the course changes from Cy to lead 
pursuit. 


The remaining figures of the report are grouped in the same order 
as described above for the first family. 
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TABIZ 1. 


INDEX OF RUNS 
(Initial Conditions ) 


FAMILY 1 
T> = 0° (Head-on attack) 

Target, Altitude = 65,000 ft 

Target Velocity = M 2.0 

Fighter Velocity at Pull-up = : ae 


Fighter Altitude = 58,000 ft 
Box in Probability Grid = B-3 


9 - Range ve Time 
10 - Azimuth Gimbal Angle vse Range 
11 - Blevation Gimbal le ve Range 
12 - Iine of Sight Rate (Azimuth Plane of Antenna) vs Range 
13 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
14 - Load Factor vs Range 
15 - Angle of Attack va Range 
16 - Fighter Velocity vs Range 
17 - Fighter Altitude vs Range 
18 - Aspect - Angle vs Range 
19 - Heading Error vs Range 
20 - Roll Angle vs Range 


FAMILY 2 

T = 15° 

Target Altitude = 65,000 ft 
Target Velocity = M 2.0 

Fight Velocity at Pull-up = Vinay 


Fighter Altitude = 58,000 ft 
Box in Probability Grid = A-3 


21 - Range vs Time 

22 - Azimuth Gimbal Angle vs Range 

23 - Elevation Gimbal Angle vs Range 

2k - Line of Sight Rate aah Plane of Antenna) vs Range 
25 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
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Fig. 26 - Load Factor vs Range 
Fig. 27 - Angle of Attack ve Range 
Fig. 28 - Fighter Velocity vs Range 
Fig. 29 - Pighter Altitudc vse Range 
Fig. 30 - Aspett-Angle va Range 
Fig. 31 - Heading Error vs Range 
Fig. 32 - Roll Angle vs Range 


2B . Fighter Altitude = 58,000 ft 
Box in Probabllity Grid = F-3 


Fig. 33 ~ Range vs Time 
Fig. 34 - Azinuth Gimbal Angle ve Range 
Fig. 35 ~ Slevation Givbal le vs Range 
Fig. 36 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 37 - line of Sight Rate (Elevation Plane of Antenna) vse Range 
Pig. 38 - Load Factor vs Range 
Fig. 39 - Angle of Attack vs Range 
Fig. 40 - Fighter Velocity vs Range 
Fig. 4l - Fighter Altitude va Range 
Fig. 42 - Aspect -Angle ve Range 
» Fig. 43 - Heading Error vs Range 
Fig. 44 - Roll Angle vs Range 


‘ 2c - Fighter Altitude = 58,000 ft 
Box in Probability Grid = H-6 


Fig. 45 - Range ve Time 

: Fig. 46 - Agiruth Gimbal Angle vs Range 
i Fig. 47 - Elevation Gimbal le ve Range 

} Fig. 48 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Pig. 49 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Pig. 50 - Load Factor vs Range 

Fig. 51 ~ Angle of Attack ve Range 

Pig. 52 - Pighter Velocity vs Range 
. Pig. 53 - Fighter Altitude vs Range 

Fig. 54 - Aspect ~ Angle vs Range 

Fig. 55 - Heading Error vs Range 

Pig. 56 - Roll Angle vs Range 
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2D - Fighter Altitude = 50,000 ft 


Box in Probability Grid = A-3 


5T - Range vs Time 

58 - Azimuth Gimbal Angle vs Range 

59 - Elevation Cimbal Angle vs Range 

60 - Line of Sight Rate pantie Plane of Antenna) ve Range 
61 - Line of Sight Rate (Elevaticn Plane of Antenna) vs Range 
62 - load factor vs Range 

63 - Angle of Attack vs Range 

64 - Fighter Velocity ve Range 

65 - Fighter Altitude vs Range 

66 - Aspect - Angle vs Range 

67 - Heading Error vs Range 

68 - Roll Angle vs Range 


. Pighter Altitude = 50,000 ft 


Box in Provability Grid = A-5 


. 69 - Range vs Time 


70 - Azimuth Gimba2 Angle vs Range 
71 - Elevation Gimbal Angle vs Range 


. 72 - line of Sight Rate pees Plane of Antenna) va Range 


73 - line of Sight Rate 
74 - load Factor ve Range —. 
75 - Angle.of Attack ve Range 


Elevation Plane of Antenna) vs Range 


. 76 - Fighter Velocity ve Range 


77 - Fighter Altitude vs Range 


. 78 - Aspect - Angle vs Range 
- 79 - Heading Error va Range 


8 - Roll Angle va Rance 


Fighter Altitude = 50,000 ft 
Box in Probability Grid = D-3 


. 81 ~ Range vs Time 
. 82 - Azimuth Gimbal Angle vs Range 
. 83 - Elevation Gimbal Angle vs Range 


84 - Line of Sight Rate ics Plane of Antenna) vs Range 
85 ~ Line of Sight Rate (Elevation Plane of Antenna) va Range 


12 CONFIDENTIAL 


CONF TDENTTI. A 


Fig. 
Fig. 
Fig. 


86-- Load Factor vs Range 

87 - Angle of Attack vs Range 
88 - Fighter Velocity va Range 
89 - Fighter Altitude ve Range 
90 ~ hapect - Angle vs Range 
91 = Heading Error va Range 
92 - Roll Angle ve Range 


Fighter Altitude = 50,000 ft 
Pox in Probability Grid =» F-4 


93 ~- Ranges vs Time 

gk - Azimuth Gimbal Angle vs Range 

95 ~ Kievation Gimbal Angle vs Range 

96 - Line of Sight Rate epee Plane of Antenna) vs Range 
97 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
98 - Load Factor va Range 

99 = Angle of Attack vs Range 
100 - Fighter Velocity vs Range 

101 - Fighter Altitude vs Range 

102 - Aspect - Angle vse Range 

103 - Heading Errdér va Range 
104 ~ Roll Angie vs Range 


Fighter Altitude = 50,000 ft 
Box in Probability Grid = F-5 


105 = Range vs Time 

106 ~ Azimuth Gimbal Angle vs Range 

107 ~ Elevation Gimbal Angle vs Range 

108 ~ Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
109 - Line of Sight Rate (Blevation Plane of Antenna) vs Range 
110 - Ioad Factor vs Range 

111 - Angle of Attack vs Range 

ll2 ~ Mghter Velocity vs Range 

113 - Mghter Altitude va Range 

114 - Aspect - Angle vs Range 

115 - Heading Error vs Range 

116 = Roll Angle vs Range 
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Fig. 
Fig. 
Fte. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Me. 
Fig. 
Fig. 
Fig. 


QJ - 


Fig. 
Pig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Pig. 
Fig. 
Fig. 


eK - 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fighter Altitude = 40,000 ft 
Box in Probability Grid = A-4 


117 - Range ve Time 


1168 - Azimuti Gimbal Angle vs Range 

219 ~ Elevation Gimbal Angle vs Range 

120 - Line of Sight Rate fia Plane of Antenna) ve Range 
121 - Line of Sight Rate (Elevation Plane of Antenns) va Range 
122 - Load Factor ve Range 

123 - Angle of Attack vs Range 

12h - Mghter Velocity ve Range 

125 - FMight2r Altitade vs Range 

126 - Aspect.- Angle vs Range 

127 - Heading Error vs Range 

128 - Roll Angle vs Range 


WMghter Altitwie = 40,000 ft 
Box in Probability Grid = D-4 


129 - Range vs Time 

130 - Azimuth Gimbal Angle vs Range 

131 ~ Elevativn Gimbal Angle vs Range 

132 ~ Line of Sight Rate roel Plane of Antenna) vs Range 
133 - Line of Sight Rate (Elevation Plane of Antenna) va Range 
134 - Load Factor ve Range 

135 ~ Angle of Attack vse Range 

136 ~ Fighter Velocity vs Range 

137 - Fighter Altitude vse Range 

138 ~ Aspett - Angle vs Range 

139 - Heading Error va Range 

140 - Roll Angle vs Range 


Fighter Altitude = 40,000 ft 
Box in Probability Grid = E-4 


141 - Range va Time 

142 - Azimuth Gimbal Angle 

143 - Elevation Gimbal Angle vs Range 

144 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
145 » Tine of Sight Rate (Elevation Plane of Antenna) ve Range 
146 = load Factor vs Range 
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Pig. 1&7 - Angle of Attack vs Range 
Pig. 145 - Fighter Velocity ve Range 
Fig. 149 - Fighter Altitude vs Range 
Fig. 159 - Aspect ~ Angle va Range 
Fig. 151 - Heading Error vs Range 
Fig. 152 - Roll Angle vs Range 
2L - Fighter Altitude = 40,000 ft 
Box in Probability Grid = G-5 
Fig. 153 - Range vs Tine 
Fig. 154 - Azimuth Gimbal Angle vs Range 
Fig. 155 - Elevation Gimbal Angle vs Range 
Fig. 156 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 157 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 158 - Load Factor va Range 
Fig. 159 ~ Angle of Attack vs Range 
Fig. 160 - Mghter Velocity vs Range 
Fig. 161 - Highter Altitude vs Range 
Fig. 162 - Aspect -Angle vs Range 
Fig. 163 - Heading Error vs Range 
Fig. 164 - Roll Angle vs Range 
2M - Fighter Altitude = 30,000 ft 
Box in Pronability Grid = A-4 
Fig. 165 - Range vs Time 
Fig. 166 - Azimuth Gimbal Angle ve Range 
Fig. 167 - Blevation Gimbal Angle vs Range 
Fig. 168 - Line of Sight Rate eae) Plane of Antenna) ve Range 
Fig. 169 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 170 - Load Factor vs Range 
Fig. 171 - Angle of Attack vs Range 
Wg. 172 ~ Fignter Velocity vs Range 
Fig. 173 - Fighter Altitude vs Range 
Fig. 174 - Aspect - Angle vs Range 
Fig. 175 - Heading Error vs Range 
Fig. 176 - Roll Angle vs Range 
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ON - Fighter Altitude = 30,000 re 
Box in Probability drid - B-S ~~ 
Fig. 177 - Range vs Time 
Fig. 178 - Azimuth Gimbal Anels vs Range 
Fig. 179 - Elevation Gimbal Angle va Range 
Fig. 180 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 181 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 182 - Load Factor vs Range 
Fig. 183 - angle of Attack vs Range 
Fig. 184 - Fighter Velocity vs Range 
Fig. 185 - Fichter Altitude vs Range 
Fig. 185 - Aspect.-Angle va Range 
Fig. 187 - Heading Error vs Range 
Fig. 188 - Roll Angle vs Range 
20 ~ Fighter Altitude = 30,000 ft 
Box in Probability Grid = D-5 
Fig. 189 - Range ve Time 
Fig. 190 - Azimuth Gimbal Angle vs Range 
Fig. 191 - Elevation Gimbal Angle vs Range 
Fig. 192 - Line of Sight Rate (Azimuth Plane of Antenna) ve Range 
Fig. 193 - Line of Sight Rate (Elevation Plane of Antenna) va Range 
Fig. 194 - Load Factor vs Range 
Fig. 195 - Angle of Attack vs Range 
Fig. 196 - Mghter Velocity vs Range 
Fig. 197 - Fichter Altitude vs Range 
Fig. 198 - aspect - Angle vs Range 
Fig. 199 - Heading Error vs Range 
Fig. 200 ~ Roll Angle va Range 


Ana 


ighter Altitwie = 30,000 fi 


Box in bability Grid = G-5 

201 ~ Range vs Time 

202 - Azimuth Gimbal Angle vs Range 

203 ~ Elevation Gimbal Angle vs Range 

204 - Line of Sight Rate (Azimuth Plane of Antenna) va Range 
205 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
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Me. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


20 = 


206 - Load Factor vs Range 

2CT - Angle of Attack vs Range 
208 - Fighter Velocity vz xunge 
209 - Fighter Altitute vs Range 
210 ~ Aspect - Angle vs Range 
2ll + Healing Error vs Range 
212 = Roll Angle ve Runge 


Fighter Altitude = 20,000 ft 
Box jn Probability Grid = E-€ 


213 - Range ve Tins 

214 ~ Aziruth Gimbal Augle vz Reuge 

215 - Elevation Gimba” Angle vs Rangs 

16 - Line of Sight Rate (Azimuth Plane of Anternn:) ve Range 
217 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
218 - Load Fertor va Range 


219 - Angie of Attack vs Range 
220 - Fighter Velocity vs Range 
221. + Fighter Altitude va Range 
2f2 - Aspect - Angle vs Range 
223 - headitg Error vs Range 
gah - Boil Angle ve Rance 


- Fighter Altitude = 20,000 ft 


Box iy Probability Grid = £-6 


225 ~ Renge ve Tine 

226 ~ Azimuth Gimbal Avgle vs Range 

2o7 = Elevation Gimbal Angie vs Range 

425 - Line of Sight Rate (Azimuth Plane of Antanna) vs Range 
229 » Tine of Sight Rete (Blevation Plane of Antenna) vs Range 
£30 =~ load Factor ve Hange 

231 - Angle.of Attack vs :Range.. 


» 232 - Fighter Velocity ve Range 


233 . Fightar Altitude va Range 
234 - Aspett- Angle vs Renge 
235 ~ Hecding 2rrvor vs Range 
236 - Roll Angle vs Range 
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FAMILY - 
° 


To = W 
Target Altitude = 65,000 ft 
Target Velocity = M 2.0 

Fighter Velocity at Pull-up = Vo. 


3A ~ Fighter Altitude = 58,000 ft 
Box in Probability Grid = F-3 


Fig. 237 = Range vs Time 

Fig. 238 - Azimuth Gimbal Augle vs Range 

Fig. 239 - Elevation Gimbal Angle vs Range 

Fig. 240 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 


Fig. 241 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 2h2 - Load Factor va Range 

Fig. 243 - Angle of Attack vs Range 

Fig. 24h ~ Mghter Velocity vs Range 

Fig. 245 - Mehter Altitude vs Range 

Fig. 246 - aspect = Angle vs Range 

Fig. 247 - Heading Error vs Range 

Fig. 248 ~ Roll Angle vs Range 


3B - Fighter Altitude = 50,000 ft 
ox in Probability Grid = A-4 


Fig. 249 - Range vs Time 

Fig. 250 - Azimuth Gimbal Angle vs Range 

Fig. 251 - Elevation Gimbal Angle vs Range 

Fig. 252 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 


Wg. 253 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 254 - Load Factor va Range 

Fig. 255 - Angle of Attack vs Range 

Fig. 256 - Mghter Velocity vs Range 

Fig. 257 - Mghter Altitude va Range 

Fig. 250 - Aspect ~ Angle vs Range 

Fig. 259 - Heading Error vs Range 

Fig. 260 - Roll Angle vs Range 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


3D - 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


3E - 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fighter Altitude = 50,090 ft 
Box in Probability Grid = Bel 


261 - Range vs Time 

262 - Azimuth Gimbal). Angle vs Range 

263 - Elevation Gimbal Angle vs Range 

264 - line of Sight Rate (Azimuth Plane of Antenna) vs Range 
265 - line of Sight Rate (Elevation Plane of Antenna) vs Range 


266 - Load Factor vs Range 

267 - Angle of Attack vs Range 
¥ighter Velocity vs Range 
Meghter Altitude vs Range 
Aspect - Angle vs Range 
Heading Error vs Range 
Roll Angie vs Range 


Fighter Altitude = 50,000 ft 
Box in Probability Grid = E-3 ; , 
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°o 
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273 - Range vs Time 

274 - Azimuth Gimbal Angle vs Range 

275 - Blevstion Gimbal Angle vs Range 

276 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 


‘OTT ~ Line of Sight Rate (Elevation Plane of Antenna) vs Range 


278 ~ load Factor va Range 

279 ~ Angle of Attack vs Range 
280 ~ Fighter Velocity vs Range 
281 - Fighter Altitude vs Range 


282 - Aspect - Angle vs Range 
283 - Heading Error vs Range 
284 - Roll Angle vs Range 


Fighter Altitude = 50,000 ft 
Box in Probability Grid = F-5 


285 - Range ve Time 

286 ~ Azimuth Gimbal Angle vs Range 

287 - Elevation Gimbal Angle vs Range 

288 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
289 ~ Line of Sight Rate (Blevation Plane of Antenna) vs Range 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


3F - 


Fig. 


290 - load Factor vs Range 

291 = Angle of Attack vs Range 
292 - Fighter Velocity vs Range 
293 - Nehter Altitude va Range «7 
294 - Aspect - Angle vs Range 

295 - Heading Error vs Range 

296 ~ Roll Angle vs Range 


Fighter Altitude = 40,000 ft 
Box in Probability Grid = A-5 


297 - Range vs Time 

298 ~- Azimuth Gimbal Angle vs Range 

299 ~ Elevation Gimbal Angle vs Range 

300 - Line of Sight Rate eepmciet Plane of Antenna) va Range 
301 - Line of Sight Rate (Elevation Plane of Antenna) va Range 
302 - Iload Factor vs Range 

303 ~ Angle of Attack vs Range 

304 - Mghter Velocity vs Range 

305 - Mghter Altitude vs Range 

306 ~- Aspect - Angle va Range 

307 ~- Heading Error va Range 

308 - Roll Angle vs Range 


Fighter Altitude = 40,000 ft 
Box in Probability Grid = E-3 


309 - Range vs Time 

310 - Azimuth Gimbal Angle vs Range 

311 - Elevation Gimbal Angle vs Range’ 

312 - line of Sight Rate (Azimuth Plane of Antenna) vs Range 
313 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 
324 - load Factor va Range 

315 ~ Angle of Attack vs Range 

316 ~ Fighter Velocity vs Range 


317 - Fighter Altitude va Range 
318 - Aspect - Angie vs Range 
319 - Heading Error vs Range 
320 - Roll Angle vs FPange 
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Fig. 
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Pig. 
Fig. 
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Fig. 
Fig. 
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Fighter Altitude = 40,000 ft 
Box in Probability Grid = G-5 


321 
322 
323 
32h 
325 
326 
327 
328 
329 
30 - 
331 - 
332 ~ 


vange va Time 

Azimuth Gimbal Angle vs Range 

Elevation Gimbal Angle vse Range 

Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Line of Sight Rate (Elevation Plane of Antenna) va Range 
Loe? Factor vs Range 

Angle af Attack vs Range 

Fighter Velocity va Range 

Fighter Altitude vs Range 

Aspect - Angle vs Range 

Heading Error va Range 

Roll Angle vs Range 


Fighter Altitude = 30,000 ft 
Box in Probabili'; Grid = 2-3 


333 - 
334 - 


Renge vs Time 

Azimuth Gimbel Aagle vs Range 

Elevation Gimbal Angle ve Range 

Iine of Sight Rate Pspeaiey Plaue of Antenna) vs Range 
Line of Sight Rate (Elevation Plane of Antenna) vs Range ~ 
Load Factor vs Range 
angle of Attack vs Range 
Fighter Velocity vs Range 
Fighter Altitude vs Range 
Aspect ~- Angle vs Range 
Heading Error vs Range 
Roll Angle vs Range 


Fighter Altitude = 30,000 & 
Box in Probability Grid = G-5 


345 
346 
347 
348 
349 


Range vs Time 

Azimuth Gimbal Angle vs Range 

Elevation Gimbal Angle vs Range 

Line of Sight Rate (Azimth Plane of Antenna) vs Range 
Line of Sight Rate (Elevation Plane of Antenna) vs Range 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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350 - Load Factor vs Range 

351 - Angle of Attack va Range 
352 = Pignter Velocity vs Hange 
353 - Meghter Altitude vs Range 
354 - Aspect ~- Angle va Range 
355 - Heading Error vs Range 
356 - Roll Angle va Range 
Fighter Altitude = 20,000 ft 


Box in Probability Grid = E-5 


357 - Range vs Time 

358 - Azimuth Gimbal Angle vs Range 

359 - Elevation Gimbal Angle vs Range 

360 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
361 ~ Line of Sight Rate (Elevation Plane of Antenna) vs Range 
362 - Load Factor vs Range 

363 ~ Angle of Attack vs Range 

364 ~ Mghter Velocity va Range 

365 - Fighter Altitude vs Range 

366 - Aspect- Angle vs Range 

367 - Heading Error vs Range 

368 - Rol] Angle vs Range 


Fighter Altitude = 20,000 ft 
Box in Probability Grid = G-6 


369 - Range vs Time 

370 - Azimuth Gimbal Angle vs Range 

371 - Elevation Gimbal Angle vs Range 

Line of Sight Rate (Azimuth Plane of Antenna) vs Range. 


373 - Line of Sight Rate (Elevation Plane of Antenna) va Range 
374 - Load Factor vs Range 

375 - Angle of Attack vs Range 

376 - Fighter Velocity vs Range 

317 - Fighter Altitude vs Range 

378 - Aspect - Angle vs Range 

379 - Heading Error va Range 

360 - Roll Angle vs Range 
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3M - Fighter Altitude = 10,000 ft 
in Probability Grid = D-6 


Box 
Fig. 361 - Range vs Time 
Fig. 362 - Azimuth Gimbal Angle vs Range 
Fig. 383 - Elevation Gimbal Angle vs Range 
Fig. 384 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 385 - Line of Sight Rete (Elevation Plane of Antepna) vs Range 
Fig. 386 - Load Factor vse Range 
Mg. 387 - Angle of Attack vs Range 
Fig. 388 - Fighter Velocity va Range 
Fig. 389 - Fighter Altitude vs Range 
Fig. 390 - Aspect - Angle vs Range 
Fig. 391 - Heading Error vs Range 
Fig. 392 ~ Roll Angle vs Range 
FAMILY 4 
To = 45° 


Targ. t Altitude = 65,000 ft 
Target Velocity = M 2.0 
Fighter Velocity at Pull-up = : ee 


ha - Fighter Altitude = 58,000 ft 
Box in Probability Grid = A-6 


Fig. 393 - Range vs Time 
Fig. 394 - Azimuth Gimbal Angle vs Range 
Fig. 395 - Elevation Gimbal Angle vs Range 
Fig. 396 - Line of Sight Rate (Azimuth Plane of Antenna) va Range 
Fig. 397 - Line of Sight Rate (Elevation Plane of Antenna) ve Range 
Fig. 398 - Load Factor vs Range 
Fia. 395 agle of Attack vs Range 
. HC » saghter Velocity vs Range 
Fig. 401 - Fighter Altitude vs Range 
Fig. 402 - Aspect - Angle ve Range 
Fig. 403 - Heading Error vs Range 
Fig. 40k - 1 Angle vs Range 
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4B - Mghter Altitude = 58,000 ft 


Fig. 
Fig. 


Fig. 


kp - 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Box in Probability Grid = E-k 


4O5 - Range vs Time 
4O6 - Azimuth Gimbal Angle vse Range 
4O7 - Elevation Gimbal Angle vs Range 


hog - 

410 - Load Factor ve Range 

hil - Angle of Attack vs Range 
412 - Fighter Velocity vs Range 
413 - Fighter Altitude vs Range 
hi - aspect - Angle vs Range 
h15 - Heading Error vs Range 
416 - Roll Angle vs Range 
Fighter Altitude = 50,000 ft 


Box in Probability Grid = a-4 


417 - Range vs Time 
418 - Azimuth Gimbal Angle vs Range 
419 - Elevation Gimbal Angle va Range 


Line of Sight Rate (Azimuth Plane of Antenna) vs ange 
Line of Sight Rate (Elevation Plane of Antenna) vs Range 


420 = Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
42) - Line of Sight Rate (Elevation Plane of Antenna) vs Range 


422 ~ Load Factor vs Range 

423 - Angle of Attack vs Range 
424 - Fighter Velocity vs Range 
425 - Maghter Altitude vs Range 
426 = Aspect - Angle vs Range 
427 - Heading Error vs Range 
428 ~ Roll Angle vs Range 


Fighter Altitude = 50,000 ft 
Box in Probability Grid = F-3 


409 - Range vs Time 
430 - Azimuth Gimbal Angle vs Range 
431 - Blevation Gimbal Angle vs Range 


432 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
433 - Line of Sight Rate (Blevation Plane of Antenna) vs Range 
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Fig 434 Losi Factor vs Range 

cate 435 - Angle of Attack vs Range 
‘ha. 426 - Nehter Velocity ve Range 
Fig. 437 - Mehter Altituce vs Range 
Fig. 438 - Aspect - Angle vs Range 
Fig. 439 - Heading Error vs Runge 
Fig. 440 - Roll Angle ve Range 


WR - Pightey Altitude . 40,000 1'°t 
Bo~ an Provahilivy Grid = A-F 


Fig. 441 - hurge vs ms 

Pig. uP - Azimuth C.ubal Awe vs Range 

Fig. 443 - Foo tion C’ abal Argle vs Range 

Fig. 444 _of & Rate rope Plane of Antenna) ws Range 
Fig, 445 ..ne of t .. Rote (levrtion Plane of Antenna) vs Range 
Wig. 4lG - Load Fac sor “6 wnge 

Fig. 47? - Angle ot Attack vs Range 

Me. 4S - Mghter Velocity vs Range 

Figs 449 - Mghter Altitude va Range 

Fig. 450 - Aspect - Angle ve Range 

Fig. 451 ~ Heading Error vs Range 

Fig. 452 ~ Roll Angle vs Range 


ky - Fighter Altitude = 30,000 ft 
Box in Probability Grid = 5-3 


Fig. 453 - Range vs Time 

Fig. 454 ~ Avituuch Gimbal Angle vse Range 

Fig. 455 ~ Elevation Gimbal Angle vs Range 

Fig. 456 - Iine of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 45/ ~ Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Fig. 458 - Load Factor va Range 

Fig. 459 - Angle of Attack va Range 

Wig. 460 - Fighter Velocity vs Range 

Fig. 461 - Fighter Altitude vs Range 

Fig. 462 - Aspect - Angle vs Range 

Fig. 463 - Heading Error vs Range 

Fig. 464 - Roll Angle vs Range 
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la - Mghter Altitude = 20,000 ft 
Box in Probability Grid = Be4 


Range vs Time 


Fig. 465 

Fig. 466 - Azimuth Gimbal Angle vs Range 

Fig. 467 - Blevation Gimbal Angle vs Range 

Fig. 468 - Line of Sight Rate (Azimuth Place of Antenna) vs Range 
Fig. 469 - Line of Sight Rate (Elevation Plane of Antenna) vs Range 


Fig. 470 - Load Factor vse Range 


Pig. 471 - Angle of Attack vs Range 
Fig. 472 - Mghter Velocity vs Range 
Fig. 473 - Fighter Altitude ve Range 
Fig. 47 - Aspebt~ Angle vs Range 
Fig. 475 - Heading Error vs Range 
Fig. 476 - Roll Angle vs Range 


4H - Fighter Altitude = 20,000 ft 
Box in Probability Grid = C-3 


Fig. 477 - Range vs Time 

Fig. 478 ~ Azimuth Gimbal Angle vs Range 

Fig. 479 - Elevation Gimbal Angle vs Range 

Fig. 480 - Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 481 - Line of Sight Rate (Elevation Planz of Antenna) vs Range 
Fig. 482 - Load Factor vse Range 

Fig. 483 - Angle of Attack vs Range 

Fig. 484 - Fighter Velocity vs Range 

Fig. 485 - Mighter Altitude vs Range 

Fig. 486 - Aspect - Angle vs Range 

Fig. 487 - Heading Error vs Range 

Fig. 488 - Roll Angle vs Range 


4I - Fighter Altitude = 20,000 ft 
Box in Probability Grid = E-3 


Fig. 489 - Range ve Tim 

Fig. 490 - Azimuth Gimbal Angle vs Range 

Fig. 491 ~ Elevation Gimbal Angle vs Range 

Pig. 492 ~ Line of Sight Rate (Azimuth Plane of Antenna) vs Range 
Fig. 493 ~ Line of Sight Rate (Elevation Plane of Antenna) vs Range 
Pig. 494 - Load Factor vs Range 

Fig. 495 ~ Angle of Attack vs Range 
Fig. 496 - Fighter Velocity vs Range 
Fig. 497 - Mehter Altitude vs Range 
Fig. 498 - Aspect - Angle vs Range 
Fig. 499 - Heading Error va Range 
Fig. 500 - Roll Angle vs Range 
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Fig. 2= Lead Pursuit Geometry 
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